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INSTALLATION FOR DELIVERING HEAT 
TO ALL OR PART OF HUMAN OR ANIMAL 

CELL TISSUE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of international appli 
cation PCT/FR03/00192 ?led Jan. 21, 2003 and published, 
in French, as international publication number WO 
03/070302 Al on Aug. 28, 2003, and claims priority from 
French patent application number 02.02213 ?led Feb. 21, 
2002, the entire contents of these applications being incor 
porated herein by reference. 

The invention concerns an installation for delivering heat 
to all or part of human or animal cell tissue by means of a 
liquid. More precisely, it relates to an apparatus With Which 
it is possible to inject a heat transfer liquid, chosen from the 
group comprising Water, oxygenated Water and ethanol, into 
all or part of organs, in particular into the area of cancer 
cells. 
One of the methods of treating cancerous tumors involves 

destroying all or part of the cancerous tissue by targeted 
administration of heat or cold. This principle is knoWn by the 
name thermal ablation and is presently used in particular in 
the treatment of liver metastases. 

Several techniques based on the principle of thermal 
ablation by heat are available noWadays, for example laser 
thermal ablation, radiofrequency thermal ablation With 
needle, and cryotherapy, Which for its part involves thermal 
ablation by cold. HoWever, these techniques have a number 
of disadvantages. In particular, the volume of the tumor 
treated is limited (in practice from 4 to 5 cm in diameter) and 
the intervention time is relatively long, from 20 to 30 
minutes for radiofrequency thermal ablation and cryo 
therapy, and even more for laser treatment. 

The document WO 00/29055 from the Applicant 
describes a thermal ablation technique by heat Which con 
sists in injecting a physically active substance, in practice 
Water or oxygenated Water in pressurized form, into a 
?exible holloW tube provided With apertures and “seWn” 
inside the organ to be treated. The temperature of the 
pressurized liquid, in contact With the tissue to be treated, 
decreases and the Water or oxygenated Water becomes liquid 
again Within the tumor. The pressurized liquid is obtained 
and injected by means of an apparatus composed of a 
heating unit in the form of a metal coil on Which a stainless 
steel tube is Wound, directly connected to the microperfo 
rated tube. The Water travels through and is heated in the 
stainless steel tube, in the area of this unit, to a temperature 
of about 4000 C. and a pressure of about 250 bar. 

In the course of his research, the Applicant has discovered 
that the delivery of Water or oxygenated Water to a tumor 
ought advantageously to be done using small volumes of 
Water Which are injected in pulsed form, both for reasons of 
effectiveness and for reasons of safety. 

The use of small volumes of Water, in practice of betWeen 
0.2 and 1 ml, in fact avoids the risks of heat diffusion outside 
the tumor and, consequently, the destruction of healthy 
tissues. The Applicant has in addition found that adminis 
tration of small volumes of Water or oxygenated Water at 
regular intervals, in practice of betWeen 0.5 and 1 second, 
alloWed treatment of zones of greater volume and in a 
shorter time than With the knoWn techniques of the prior art. 
In addition, the pulsed operation makes it possible to avoid 
heating of the part of the tube not in contact With the tumor, 
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2 
that is to say the part of the tube connecting the outside of 
the body, thus avoiding the destruction, by heat, of healthy 
tissues. 
As has already been stated, the liquid intended to be 

injected is a physically active substance, in practice Water, 
oxygenated Water, or ethanol, the latter tWo having the 
advantage, in addition to the provision of heat, of being 
chemically aggressive With respect to the tumor to be 
treated. 

The invention thus concerns an installation for delivering 
heat to all or part of human or animal cell tissue by means 
of a liquid, said installation comprising: 

a heating unit for heating said liquid, 
an injection unit for injecting liquid into the heating unit, 
a means for diffusion of heated liquid, 
a means for conveying the heated liquid from the heating 

unit to the diffusion means. 
The installation is characterized in that it has means for 

delivering the heated liquid at the diffusion means in a 
pulsed mode. 

In practice, the installation has means for pulsed delivery 
of the heated liquid at a pressure at least equal to the 
saturation vapor pressure of the liquid to be injected. 

In the rest of the description, the installation Will be 
illustrated using Water as the liquid to be injected, although 
oxygenated Water or ethanol can also be used. 

According to a ?rst characteristic of the invention, the 
injection unit is in the form of a chamber Which contains the 
liquid to be injected and in Which a piston is moved in 
translation under the action of an electric or pneumatic 
actuator Whose triggering, travel, force and speed of dis 
placement are determined as a function of the desired 
rhythm, volume and pressure of injection of the liquid, the 
chamber communicating With the heating unit by Way of a 
?rst valve. 

In other Words, the injection unit constitutes the ?rst 
element contributing to delivering heat in pulsed mode, by 
injecting a speci?ed quantity of cold Water at regular inter 
vals into the heating unit, by virtue of the combination of the 
action of an actuator, Whose triggering, travel, force and 
speed are programmed as a function of the desired rhythm, 
volume and pressure of injection, together With a valve 
Which prohibits return of the liquid injected into the cham 
ber. 
More precisely, the triggering and the travel of the actua 

tor are programmed as a function of the number of injections 
desired for delivering a de?ned volume of Water, the latter 
depending directly on the size of the tumor to be treated. The 
Applicant has thus found that satisfactory tissue necrosis 
Was obtained using a volume of pressurized Water at 4000 C. 
representing about 5% of the volume of the tumor to be 
treated. The triggering and the travel of the actuator are then 
programmed to obtain injected volumes of liquid of betWeen 
0.2 and 1 ml at regular intervals of 0.5 to 1 second. In 
practice, the travel of the actuator is programmed by regu 
lating the number of revolutions of the motor operating the 
actuator. 

Moreover, the pressure at Which the liquid is injected 
depends on the speed of displacement and the force of the 
actuator, Which are also programmed. In practice, the speed 
of displacement of the actuator is programmed by regulating 
the speed of rotation of the motor operating the actuator. 

To be able to inject small volumes of Water, it is necessary 
to heat the liquid to a very high temperature, for Water or 
oxygenated Water, for example, of the order of 4000 C. and 
more. At such a temperature and at atmospheric pressure, the 
Water or oxygenated Water Would be vaporized in the 
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heating unit, thus prohibiting effective delivery, in pulsed 
form, of heat to the diffusion system. Consequently, to solve 
the double problem of keeping the substance in liquid form 
at such a temperature and of administering it in pulsed form 
With pulse durations of in practice betWeen 0.1 and 0.2 
second, the force and the speed are chosen in such a Way that 
the liquid is injected into the heating unit at a pressure 
greater by at least 50 bar, advantageously 100 bar, than the 
saturation vapor pressure of said liquid to be injected. In the 
case of injection of Water, the pressure of injection Will be 
?xed at about 350 bar. 
As has already been stated, the actuator is an electric or 

pneumatic actuator. When the treatment is carried out in 
proximity to magnetic resonance imaging equipment, the 
actuator must be nonmagnetic. In this case, it is advanta 
geous to use a pneumatic actuator Which drives small 
volumes of Water into the heating unit until the desired 
volume is obtained. 

According to another characteristic, the installation com 
prises a liquid storage reservoir intended to supply the 
chamber of the injection unit, said storage reservoir being 
?xed or removable. The supply of liquid to the chamber is 
advantageously carried out With predetermined volumes 
corresponding to the volume to be injected into the tumor. In 
all cases, the reservoir is separated from the chamber by a 
second valve prohibiting the return of the liquid into the 
chamber, under the action of the piston. 
Once the cold liquid (for example Water) under pressure 

is transmitted to the heating unit, the latter is heated to a 
temperature of 4000 C. and more. 

In an advantageous embodiment, and again for pulsed 
operation, the heating unit is in the form of a metal coil 
incorporating an electrical resistor or a heat exchanger 
around Which there is Wound a stainless steel tube, through 
Which the liquid ?oWs. The internal diameter of the tube is 
chosen so as to prohibit mixing of the hot Water With the cold 
Water at the time of the pulse. Moreover, the length of the 
tube is chosen in combination With the internal diameter 
depending on the volume to be injected. 

In practice, the internal diameter is betWeen 0.1 and 0.5 
mm, advantageously 0.3 mm, the length of the tube varying 
as a function of the dimensions of the coil and being in 
practice betWeen 1500 and 5000 mm. Likewise, the dimen 
sion of the external diameter of the stainless steel tube is 
betWeen 1 and 2 mm, advantageously of the order of 1.5 
mm. 

When the treatment is carried out near magnetic reso 
nance imaging equipment, the electrical resistor is replaced 
by a source supplied by a heat transfer ?uid, the heat transfer 
?uid being heated remote from the heating unit and being 
carried through a nonmagnetic insulated tubing (betWeen 1 
and 2 meters). 

According to another characteristic, in order to solve the 
problem of maintaining the liquid to be injected in pressur 
iZed form at the desired temperature as far as the diffusion 
means, the heating unit is separated from the conveying 
means either by a valve calibrated to a pressure at least equal 
to the saturation vapor pressure of the liquid to be injected, 
or by a valve capable of Withstanding a high temperature and 
a high pressure, of the order of 4000 C. and at least 350 bar, 
respectively; in practice of the order of 1000 bar. When the 
liquid to be injected is Water, the valve is calibrated to 250 
bar for 4000 C. 

In an advantageous embodiment, the installation com 
prises a cold Water branch circuit Whose point of departure 
is positioned betWeen the injection unit and the heating unit, 
While the point of arrival is positioned doWnstream of the 
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4 
valve, said branch circuit being connected to the point of 
departure by means of a programmable high-pressure sole 
noid valve. 

This cold Water circuit has a double advantage. First, it 
makes it possible, during operation of the installation, to 
purge the hot Water remaining in the diffusion means, 
thereby reducing heating outside the phases of injection, 
While at the same time accelerating the rhythm of the pulses. 
In addition, it constitutes a safety system in the event of too 
great a volume of hot Water being injected, the operator then 
being able to inject cold Water into the tumor. 

In practice, the cold Water circuit is in the form of a 
stainless steel tube Whose external diameter is betWeen 1.2 
and 1.8 mm, While the internal diameter is betWeen 0.1 and 
0.5 mm. 

According to another characteristic, the heating unit is 
separated from the diffusion means by a conveying means. 
To reduce the dead space present at the outlet of the heating 
unit to a maximum and to ensure delivery of pressurized 
liquid in pulsed form, the means for conveying the heated 
liquid is in the form of a holloW ?exible tube Which is able 
to Withstand a high pressure and temperature and Whose 
length is betWeen 40 and 80 cm, While the external diameter 
is betWeen 100 and 250 um, and the internal diameter is 
betWeen 50 and 150 um. For Water, the pressure and 
temperature are above 250 bar and 4000 C., respectively. In 
practice, the tube is made of stainless steel of quality A305, 
titanium, or platinum/iridium alloy or nickel/titanium alloy. 
It can additionally be covered With a plastic sheath Which 
Withstands temperature and can be fairly rigid, for example 
of the silicone, polyamide or polyurethane type. The tube 
additionally has, at one of its ends, a ?rst conical joint 
providing the junction With the heating unit, and a second 
conical joint for the junction With the diffusion means. 

In other Words, and as Will be evident from the above, the 
combination of the characteristics: 

of the actuator, alloWing cold Water to arrive in pulsed 
form at the heating unit, 

of the stainless steel tube in Which the liquid is heated, 
permitting propulsion of hot Water at homogeneous and 
maximum temperature, 

of the valve, making it possible to maintain the pressure 
equal to the saturation vapor pressure of the liquid to be 
injected, 

of the conveying means, making it possible to reduce the 
dead volume to a maximum, 

ensures that Water is delivered in pressuriZed form and in 
pulsed mode at the diffusion system. 
The diffusion means can be of tWo types. 

In a ?rst embodiment, the diffusion means is in the form 
of a tube similar to the one described in the document W0 
00/ 29055. More precisely, the diffusion means is in the form 
of a holloW tube Whose Walls are provided in Whole or in part 
With apertures, in particular the Walls in contact With the 
tissue to be treated, and Whose distal end is closed. In 
practice, such a tube is intended to be made integral With the 
organ to be treated. As With the conveying means, it is made 
of a material of the titanium type, stainless steel, platinum/ 
iridium alloy or nickel/titanium alloy, and more generally of 
any material capable of Withstanding a pressure and a 
temperature greater than 250 bar and 4000 C. respectively 
(in the case of Water). 

Furthermore, and according to another characteristic, the 
external diameter of the tube is betWeen 100 and 250 um, 
While the internal diameter is betWeen 50 and 150 um. 
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As has already been stated, it is provided With substan 
tially circular apertures With a diameter of betWeen 30 and 
70 um, advantageously 50 um. 

In a second embodiment, the conveying means is in the 
form of a rigid needle Whose distal end is closed olf and 
Whose Walls have, along all or part of the length of the 
needle, in particular the Walls in contact With the tissue to be 
treated, apertures With a diameter of betWeen 30 and 70 um, 
advantageously 50 um. According to a ?rst characteristic, 
the internal diameter of the needle is betWeen 0.05 and 0.2 
mm, While the external diameter is betWeen 0.2 mm and 0.7 
mm, the length being betWeen 100 and 200 mm. This needle 
is made of a material of the steel or stainless steel type, 
titanium or a metal alloy. The junction betWeen the upstream 
end of the needle and the conveying means is advanta 
geously provided by a Weld or a conical joint. 

The invention also concerns a method of treating all or 
part of a human or animal tissue by thermal ablation, in 
Which method heat is delivered to said tissue by means of a 
liquid, in a pulsed mode. 

In an advantageous embodiment, heat is delivered by 
means of a volume of liquid of betWeen 0.2 and l, at regular 
intervals of betWeen 0.5 and 1 second, at a pressure at least 
equal to the saturation vapor pressure of the liquid to be 
injected. 

In practice, the duration of the pulses is betWeen 0.1 and 
0.2 second. 

The invention also concerns a method of administering 
heat by means of a liquid to all or part of a human or animal 
tissue With the aid of the apparatus described above, con 
sisting in: 

positioning the dilfusion means at the level of the organ 
to be treated, 

connecting said dilfusion means to the conveying means, 
then connecting the conveying means to the assembly 

formed by the heating unit and the injection unit, 
programming the triggering, travel, speed and force of the 

actuator, as a function of the desired rhythm, volume 
and pressure of injection of the liquid, 

supplying the chamber of the injection unit With the 
desired volume of liquid to be injected, 

triggering the actuator, 
WithdraWing the dilfusion means once the desired volume 

of Water has been injected at the desired temperature. 
In an advantageous embodiment, the duration of the last 

pulse is prolonged for a same volume of Water so as to heat 
the dilfusion means and thus avoid dissemination of the 
cancerous cells outside the tumor at the time of WithdraWal. 

The invention and the advantages Which it affords Will 
become clearer from the folloWing embodiment, With ref 
erence to the attached ?gures. 

FIG. 1 is a diagrammatic representation of the installation. 
FIG. 2 is a diagrammatic representation of the injection 

unit. 
FIG. 3 is a diagrammatic representation of the heating 

unit. 
FIG. 4 is a diagrammatic representation of the conveying 

means. 

FIG. 5 is a diagrammatic representation of the dilfusion 
means in the form of a needle. 

FIG. 6 is a diagrammatic representation of the dilfusion 
means in the form of a tube. 
As is shoWn in FIG. 1, the installation according to the 

invention comprises 4 main elements, namely an injection 
unit (1) communicating, by Way of a stainless steel tube (2), 
With a heating unit (3), a means of conveying hot liquid or 
extension piece (4), and a dilfusion means (5). The external 
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6 
diameter of the stainless steel tube (2) is equal to 1.6 mm, 
While its internal diameter is equal to 0.25 mm. 

According to a ?rst characteristic of the invention, the 
injection unit is separated from the heating unit by a valve 
(6), the heating unit (3) being itself separated from the 
extension piece (4) by a valve (7). 

In the advantageous embodiment, as shoWn in FIG. 1, the 
installation is completed by a cold Water branch circuit (8) 
Whose inlet is positioned betWeen the injection unit (1) and 
the heating unit (3), While the outlet is positioned doWn 
stream of the valve (7). Moreover, the cold Water circuit (8) 
communicates With the main hot Water circuit at the entry 
point by Way of a programmable solenoid valve (9). 

Each element of the installation Will noW be discussed in 
detail. 

First, as regards the injection unit (1), this is in the form 
of a cylinder provided With a chamber (10) in Which a piston 
(12) is moved in translation under the action of an actuator 
(11). The actuator (11) can be an electric actuator or a 
pneumatic actuator depending on the environment in Which 
it is used (nonmagnetic actuator needed or not). In the 
present embodiment, the actuator is an electric actuator 
Whose triggering, travel (regulated by the number of revo 
lutions of the motor), force (regulated by the poWer of the 
motor) and speed (regulated by the speed of rotation of the 
motor) are programmable. In this example, the force of the 
chosen actuator is equal to 10 kiloneWtons for a surface of 
the piston less than 3 cm2. When the liquid used is Water, the 
actuator is able to inject cold Water into the heating unit at 
a pressure of 350 bar. 
The chamber (10) is additionally connected to a liquid 

storage reservoir (13) Which supplies liquid to the chamber. 
The liquid reservoir (13) is additionally separated from the 
chamber (10) by Way of a second valve (14). 
The heating unit (3) represented diagrammatically in FIG. 

3 is in the form of an aluminum coil (15) With a diameter 
equal to 50 mm and a length equal to 100 mm, around Which 
is Wound a stainless steel tube (16) With an external diameter 
equal to 1.6 mm and an internal diameter equal to 0.25 mm, 
and a length of betWeen 1500 and 5000 mm, constituting the 
prolongation of the tube (2). The assembly of coil (15)/ 
stainless steel tube (16) incorporates an electrical resistor 
(17). The coil (15) is additionally provided With a probe (18) 
regulating the temperature of the coil. The coil is also held 
in tWo concentric tubes (19, 19') permitting thermal insula 
tion and cooling of the system in combination With a 
ventilator (20). 
The extension piece (4) as shoWn in FIG. 4 is for its part 

in the form of a holloW tube (21) With a length equal to 50 
cm and internal and external diameters equal to 100 um and 
200 pm, respectively. This tube is made of stainless steel of 
A305 quality and covered With a plastic sheath of the 
silicone type. The conveying means also has, at its upstream 
end, a ?rst conical joint (22) permitting connection to the 
heating unit, and a second conical joint (22') permitting 
connection to the dilfusion means. 
As has already been stated, the conveying means (4) is 

separated from the heating unit (3) by Way of a valve (7). 
According to an important characteristic, the valve is cali 
brated to a pressure at least equal to the saturation vapor 
pressure of the liquid to be injected. When the liquid injected 
is Water, the valve (7) is calibrated to 250 bar (4000 C.). 
TWo types of dilfusion means can be used. 
The ?rst type, shoWn in FIG. 5, corresponds to a steel 

needle (23) With a length equal to about 20 cm, closed at its 
distal end (25) and provided With apertures (24) along all or 
part of its height, in particular in the Zone intended to be in 



US 7,335,195 B2 
7 

contact With the tissue to be treated. The external diameter 
of the needle is 0.5 mm, While the internal diameter is equal 
to 0.2 mm. In addition, the apertures have a diameter equal 
to 50 pm. In practice, the extension piece (21) is connected 
to the needle by a Weld (26). 

In a second embodiment shoWn in FIG. 6, the diffusion 
means (5) is in the form of a tube (27) intended to be seWn 
directly in the area of the tissue. The tube (27) is provided 
With apertures (28) of a siZe equal to 70 pm in diameter and 
formed on all or part of the length of the tube, in particular 
in the part intended to be in contact With the tissue. The tube 
is additionally closed at its distal end (29). The external 
diameter of the tube is equal to 200 um, While the internal 
diameter is equal to 100 pm. In the same Way as for the 
needle, the upstream end of the tube is provided With a 
conical joint (30). 

The installation is used in the following Way. 
In a ?rst stage, a needle (23) or tube (27) is chosen having 

a distribution of the apertures adapted to the siZe of the 
tumor to be treated. When the diffusion means (5) is in the 
form of a tube, the latter is positioned in the tissue to be 
treated, advantageously by Way of a biopsy needle of greater 
diameter serving as a guide. Once in position, the free end 
of the tube (27) communicates With the outside of the body. 
The diffusion means is then connected to the extension piece 
(3) by Way of the conical joint (30). The free end of the 
extension piece (holloW tube) (21) is then connected to the 
assembly of heating unit (3)/inj ection unit (1) by Way of the 
conical joint (22). When the diffusion means is in the form 
of a needle, the Welded assembly of needle/extension piece 
(26) is positioned in the area of the tumor to be treated. 
The operator then determines the volume of Water to be 

injected as a function of the siZe of the tumor. Based on his 
experience, the Applicant has found that it Was generally 
necessary to inject a volume of liquid representing 5% of the 
volume of the tumor to be treated in order to obtain 
satisfactory necrosis (at 4000 C.). The operator then deter 
mines the volume of each injection and deduces from this 
the number of pulses needed to deliver the total volume of 
liquid. The triggering, travel, force and speed of the actuator 
are then programmed to inject N times the volume of liquid 
at regular intervals, in practice betWeen 0.5 and 1 second per 
pulse duration of betWeen 0.1 and 0.2 second. In an advan 
tageous embodiment, the last pulse is of a duration greater 
than that of the preceding pulses for a same injected volume, 
this in order to heat the diffusion means before its With 
draWal, thus avoiding the risk of proliferation of cancer cells 
into the healthy tissues. 

The operation then starts by injecting the ?rst volume of 
cold Water into the heating unit. This volume is rapidly 
heated to 4000 C., at a pressure of 250 bar (1 second per 1 
ml With 2000 Watts for Water). Upon the folloWing pulse of 
cold Water, the heated Water is propelled to the diffusion 
means after the valve (7) opens. The pressurized Water exits 
the end of the tube or needle in the vapor state, then, as the 
temperature diminishes through release of heat into the 
tumor, the vapor transforms to hot Water near to the boiling 
temperature, that is to say 1000 C., the Water then continuing 
to release heat. The injection of small volumes of Water in 
the area of the apertures of the diffusion means results in a 
high localiZed output of heat, Which is then diffused by 
thermal conduction. 

In an advantageous embodiment, a small volume of cold 
Water (2 to 5% of the volume of hot Water) is sent into the 
conveying means and the diffusion means betWeen each 
injection of pressurized hot Water, this being done by pro 
gramming of the solenoid valve (9). This variant avoids 
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8 
heating of the diffusion means, in particular the part not in 
contact With the healthy tissues betWeen each injection. 
The invention and the advantages Which derive from it 

Will be clear from the above description. 
It Will be noted in particular that the installation is able to 

ensure administration of heat directly Within a body in a 
pulsed operation, thereby making it possible to treat cancer 
cells, and in particular tumors, by heat, and to do so With 
very small volumes of heated liquid. In addition, the use of 
the small volume of Water avoids diffusion of heat outside 
the tumoral tissues and, moreover, the pulsed operation has 
the advantage of not causing uncontrolled heating of the 
diffusion means, and consequently necrosis of healthy tis 
sues. 

The invention claimed is: 
1. An installation for delivering heat to all or part of 

human or animal cell tissue by means of a liquid, said 
installation comprising: 

a heating unit for heating said liquid to a vapor state, 
an injection unit for injecting liquid into the heating unit, 
a means for diffusion of heated liquid inside the tissue, 
a means for conveying the heated liquid from the heating 

unit to the diffusion means, 
means for delivering the heated liquid inside the tissue in 

a vapor state at the diffusion means in a pulsed opera 
tion; and 

Wherein the injection unit is in the form of a chamber 
Which contains the liquid to be injected and in Which a 
piston is moved in translation under the action of an 
electric or pneumatic actuator Whose triggering, travel, 
force and speed of displacement are determined as a 
function of a desired rhythm, volume and pressure of 
injection of the liquid, the chamber communicating 
With the heating unit by Way of a ?rst valve. 

2. The installation as claimed in claim 1, Wherein the 
injection unit has means for delivering the heated liquid at 
a pressure at least equal to a saturation vapor pressure of the 
liquid to be injected. 

3. The installation as claimed in claim 1, Wherein the 
triggering and the travel of the actuator are programmed in 
order to obtain injected volumes of liquid of betWeen 0.2 and 
1 ml at a regular interval of 0.5 to 1 second. 

4. The installation as claimed in claim 3, Wherein the force 
of the actuator is chosen such that the liquid is injected into 
the heating unit at a pressure greater by at least 50 bar than 
a saturation vapor pressure of said liquid. 

5. The installation as claimed in claim 1, further com 
prising a liquid storage reservoir to supply the chamber of 
the injection unit, said storage reservoir being separated 
from the chamber by a second valve. 

6. The installation as claimed in claim 1, Wherein the 
heating unit is in the form of a metal coil incorporating an 
electrical resistor or a heat exchanger around Which there is 
Wound a stainless steel tube Whose internal diameter is 
betWeen 0.1 and 0.5 mm, the length of the tube varying 
betWeen 1500 and 5000 mm. 

7. The installation as claimed in claim 1, Wherein the 
heating unit is separated from the conveying means by a 
valve calibrated to a pressure at least equal to a saturation 
vapor pressure of the liquid to be injected. 

8. The installation as claimed in claim 7, further com 
prising a cold Water branch circuit having a point of depar 
ture positioned betWeen the injection unit and the heating 
unit, and a point of arrival positioned doWnstream of the 
valve, said branch circuit being connected at the point of 
departure by means of a programmable high-pressure sole 
noid valve. 
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9. The installation as claimed in claim 1, wherein the 
conveying means is in the form of a hollow tube With an 
internal diameter of betWeen 50 and 150 um, length of the 
tube being betWeen 40 and 80 cm. 

10. The installation as claimed in claim 1, Wherein the 
dilTusion means is in the form of a holloW tube Whose distal 
end is closed OE and Whose Walls are provided in Whole or 
in part With substantially circular apertures having a diam 
eter of betWeen 30 and 70 um, external diameter of the tube 
being betWeen 100 and 250 um, While internal diameter is 
betWeen 50 and 150 um. 

11. The installation as claimed in claim 1, Wherein the 
dilTusion means is in the form of a rigid needle Whose distal 
end is closed OE and Whose Walls have, along all or part of 
their length, apertures With a diameter of betWeen 30 and 70 
um, internal diameter of the needle being betWeen 0.05 and 
0.2 mm, While external diameter is betWeen 0.2 mm and 0.7 
mm, length being betWeen 100 and 200 mm. 

12. The installation of claim 4 Wherein the force of the 
actuator is chosen such that the liquid is injected into the 
heating unit at a pressure greater by at least 100 bar than the 
saturation vapor pressure of said liquid. 

13. The installation of claim 10, Wherein said substan 
tially circular apertures have a diameter of 50 um. 

14. A method of administering heat by a liquid to all or 
part of a human or animal tissue With the installation of 
claim 1, the method comprising: 

positioning the dilTusion means at a level of an organ to 

be treated; 
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10 
connecting said dilTusion means to the conveying means; 

connecting the conveying means to an assembly compris 
ing the heating unit and the injection unit; 

programming an actuator of the injection unit for pulsed 
delivery of heated liquid to the organ; 

supplying a chamber of the injection unit With a desired 
volume of liquid to be injected; 

triggering the actuator to initiate the pulsed delivery of the 
heated liquid; and 

WithdraWing the dilTusion means When the desired vol 
ume of Water has been injected at a desired tempera 
ture. 

15. The method of claim 14 Wherein the pulsed delivery 
of the heated liquid occurs at a pressure at least equal to a 
saturation vapor pressure of the liquid to be injected. 

16. The method of claim 14 Wherein said programming 
comprises programming triggering, travel, speed and force 
of the actuator as a function of desired rhythm, volume and 
pressure of injection of the liquid. 

17. The method of claim 14, Wherein a duration of a last 
pulse of the pulsed delivery is prolonged for a same volume 
of liquid in order to heat the dilTusion means before With 
draWal, Whereby dissemination of malignant cells is 
avoided. 


